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© A threaded fastener having a groove (13) or 
projection in a head (2) for engagement of jointing 
equipment is disclosed. The groove (13) or projec- 
tion is composed of a center portion (A) and a radial 
portion (B) extending radially, outward of circum- 
ference of the center portion (A). The radial portion 
(B) includes a straight portion (13a) for receiving 
torque constantly and a rounded corner (13b) to 
prevent stress concentration for providing substantial 
strength against press-molding and applied torque. 
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THREADED FASTENER 



BACKGROUND OF THE INVENTION 
Field of The Invention 



The present invention relates generally to a 
threaded fastener . Specifically, the present inven- 
tion relates to a threaded fastener having a portion 
for bit engagement therein including five or six 
extended portions extending in radial directions 
from the center thereof. 

Description of The Background Art 



Generally, threaded fasteners having a portion 
for bit engagement in which six portions extend in 
radial directions therein are well known in the art as 
threaded fasteners having excellent resistance 
against large amounts of jointing force or torque. 

Conventionally, a threaded fastener is com- 
posed of a head and a threaded shaft In the head, 
an engaging portion, comprised of a groove or 
projection, is formed. The center portion of the 
groove or projection is circular to allow for insertion 
of jointing equipment to provide a center portion. 
Six extended portions are equally spaced around 
periphery of the center portion for providing radial 
portions, holding a bit of the jointing equipment to 
receive torque derived from the equipment A typi- 
cal configuration of an engaging portion has six 
extended portions which extend in directions radi- 
ally outward from the center of the engaging por- 
tion as shown in Japanese Utility Model Second 
Publication (allowed) No. 48-39959. 

A plan view of the typical head having an 
engaging portion (projection or groove) such as the 
above cited disclosure is shown In Fig, 1. The 
threaded fastener is composed of a threaded shaft 
1 and a head 2. In the head 2, a center portion A 
and radial portions B extending in radial directions 
are formed. The profile of a bit engaging portion 3 
is determined as follows. Six dummy circles 4 are 
equally spaced along periphery of the circle 5 
which defines the center portion A. Another six 
dummy circles 6 having smaller diameter than the 
circles 4 are spaced therebetween, respectively. 
The profile of the portion 3 is formed along a line 
via a tangent point of the circles 4 and 5, a circum- 
ference of the circle 4, and a circumference of the 
circle 6 which is remote from the center of the 
threaded fastener. This is repeated until a continu- 
ous contour forming the profile is completed. Plan 
view of another typical threaded fastener is also 
shown In Fig. 2. In this type of threaded fastener, 
profile of the portion 3 is determined along a line 



via a tangent point of the dummy circles 4 and 5, a 
center facing portion of the circumferences of dum- 
my circles 4, and a circumference of a dummy 
circle 7 formed along a line through the centers of 

5 the circles 4, 

In the type of shown in Fig. 1, when torque Is 
applied to the bit engaging portion 3 by radial 
engagement of the jointing equipment the torque 
converts to force W which works on the surface of 

io the radial portion in a perpendicular direction. The 
force W is shared in component forces F in a 
direction of a tangent line of circumference of the 
head and R in a direction of diameter thereof. As a 
result the force F is applied on the threaded fas- 

75 tener as a rotating driving force. This rotating driv- 
ing force F is indicated as following formula; 
F = W coso 

wherein a is a driving angle defined by a tangent 
line U of inner circumference of the radial portion B 

20 at a point of force applied and a radius line l 2 lined 
through that point Therefore, corresponding to the 
reduction of the driving angle a, torque from the 
jointing equipment converts to rotating driving force 
F without loss. However, in this type of threaded 

25 fastener, a when becomes about 25° or so, conver- 
sion loss of torque becomes relatively larger. 

In the type of shown in Fig- 2, when a point of 
force applied is located most remote from the 
torque not-transferred portion, that is where the 

30 circumference of the circle 7 meets the circum- 
ference of the circle 4, the driving angle a becomes 
zero, then conversion loss of torque also becomes 
zero. However, practically, because the engage- 
ment member of the jointing equipment is formed 

35 relatively smaller than the bit engaging portion, the 
point of force applied is slightly moved inward of a 
theoretical tangent point at which angle a becomes 
zero. Therefore, conversion efficiency of torque 
fluctuates slightly corresponding to fluctuation of 

40 the point of force applied. As a result, stable and 
high conversion efficiency can not be obtained 
according to these types of threaded fasteners. 
Additionally, because comers of the radial portion 
B are shaped having angles of 90°, comers por- 

45 tions tend to be fragile to stress concentration 
when the bit engaging portion is press-molded. 

SUMMARY OF THE INVENTION 

so It is therefore a principal object of the present 
invention to provide a threaded fastener having 
high conversion efficiency of torque. 

It is another object of the present invention to 
provide a threaded fastener having stable conver- 
sion efficiency of torque. 



2 



,1 



3 



EP 0 430 563 A1 



4 



It is further object of the present invention to 
provide a threaded fastener having sufficient 
strength , to resist stress at edge portions of the 
groove, even when formed by press-molding.. 

In order to accomplish the aforementioned and 
other objects, a threaded fastener is composed of a 
threaded shaft and a head having a tightening 
torque receptacle which has a center portion and 
plurality of radial portions extending radially out- 
ward from a center portion, the radial portions 
being circumferrentialiy distanced at an angular 
interval less than 90°, each of radial portion has a 
torque receiving surface extending in parallel with 
radius line thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be understood more 
fully from the detailed description given herebelow 
and from the accompanying drawings of the pre- 
ferred embodiments of the invention. However, the 
drawings are not intended to imply limitation of the 
invention to a specific embodiment, but are for 
explanation and understanding only. 

In the drawings: 

Fig. 1 is a plan view of a head according to the 
prior art; ( 
Fig, 2 is a plan view of another head according 
to the prior art; 

Fig. 3 is a cross sectional view of a threaded 
fastener according to the present invention; 
Fig. 4 is a plan view of a head according to the 
present invention; 

Fig. 5 is an enlarged plan view of a Fig. 4; 
Fig. 6 is a plan view of a variation of Fig. 5; 
Fig. 7 is a plan view of further variation of Fig. 
5; 

Fig. 8 is a plan view of a head according to the 
second embodiment of the present invention; 
Fig. 9 is an enlarged partial view of Fig. 8; and 
Fig. 10 is a plan view of a head according to the 
third embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EM20D!- 
MENT 

Referring now to the drawings, particularly to 
Figs. 3 and 4, a threaded fastener Is composed of 
a threaded shaft 1 having helical projection around 
circumference thereof (thread) and a head 2 which 
formed integrally with the top of the threaded shaft 
1. A bit engaging groove 13 is formed in the head 
2 being concentrically with the threaded shaft 1. 
Fig. 5 is an enlarged plan view of Fig. 4. The bit 
engaging groove 13 is composed of a center por- 
tion A where torque derived by a jointing equip- 
ment is not transferred, and five radiaJ portions B 
which are equally spaced around the periphery of 



the portion A being radially extending outward from 
the center of the threaded fastener. An extended 
portion of the radial portion B is formed having a 
straight line portion 13a which extends parallel with 

5 a radius line la, and a corner 13b of the portion B 
is formed to have rounded shape. The radial por- 
tions B are formed as follows. Five dummy circles 
14 are equally spaced along the periphery of the 
circle 15 which defines the center portion A. Two 

10 dummy circles 16 having smaller diameter than the 
circle 14 are spaced therebetween being contact 
with the circles 14, respectively. A first pentagonal 
dummy line 17 is formed through the center o of 
each adjacent dummy circle 14, and a second 

75 pentagonal dummy line 18 is formed through the 
center o' of each adjacent dummy circle 16. The 
profile of the groove 13 is formed along a line via a 
tangent point of the circies 14 and 15, an inwardly 
, facing portion of the circumference of the circle 14, 

20 the straight line 13a formed between tangent points 
of the first line 17 and the second line 18 respec- 
tively with the circles 14 and 16, a circumference 
of the circle 16 which circumference is remote from 
the center of the threaded fastener, a circumfer- 

25 ence of a dummy circle 19 lined through the cen- 
ters of the dummy circies 14, a circumference of 
another dummy circle of 16 which circumference is 
remote from the center of the threaded fastener, 
and another straight line 13a formed between tan- 

30 gent points of the second and the first lines respec- 
tively with the circles 16 and 14. This is repeated 
sequentially, completing the profile of the groove 
13. Therefore, extended portions of the groove 13 
are formed to have a straight line portion derived 

35 from two tangent points of the line formed through 
the centers of the circles 14 and 16 respectively 
thereon, and a rounded shape derived from the 
circumference of the circles 16. 

Curvature of the rounded shape of the groove 

40 13 depends on variation of radius r of the dummy 
circle 16. Concurrently, the length of the straight 
portion 13a is also depends thereon. Fig. 6 shows 
the case of r ■ N/8 (wherein N is width of the 
radiai portion 3), and Fly. 7 siiGwa Uio case of r = 

45 G/2 x (1-cos0) (wherein Q is diameter of a circle 19 
which indicates peripheral circumference of the 
groove 13, 0 is a central angle defined by lines 
extending between the groove center and the cen- 
ter of N and the center of the circle 14, respeo 

so tively). When r becomes shorter than N/8, cur- 
vature of the rounded portion is not enough to 
establish the strength against press-molding. On 
the other hand, when r becomes longer or equals 
to G/2 x (1-cosj3), the straight portion 13a can not 

55 be obtained. Therefore, the preferred range of ra- 
dius r of the dummy circle 16 is determined within 
the range of 

N/8Sr<G/2x(1-cos0). 
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The ratio of central angle 6 defined by the 
circumference of the circle 14 against central angle 
6 1 defined by the circumference of the circle 16 
depends on diameter d of the circle 14. Sheared 
sections of the bit engaging groove 13 and the bit 
of the jointing equipment can be substantially 
equaled when Q:e \ = 1.4: 1. This is preferred ratio 
because durability of the jointing equipment can be 
raised if the ratio is determined as this value. 
Central angles 9 and £ at this ratio are indicated in 
the following formula; 
6 ■ 360 °/nx 1.4/2.4 
fi a 360 °/2n 

wherein n : number of the radial portions B. 

Therefore, when number of the portions B is 
five, 0 = 42 0 and £ = 36 °, when number of the 
portions B is six, 6 ■ 35 0 0 = 30 °, etc. 

Figs. 8 and 9 show a head according to the 
second embodiment of the present invention. A 
groove 23 having five extended portions extending 
in radial directions from the center thereof is 
formed in a converted tapered configuration. Pro- 
files of bottom and top thereof are formed in the 
same manner of the previously mentioned first 
embodiment However, top of the groove 23 is 
formed with a slightly larger diameter than that of 
bottom except the diameter of dummy circles 24 . 
Diameter of the circles 24' are formed to have 
same diameter 24 as those on the bottom of the 
groove. Thus, an inner circumference of the groove 
23 is shaped as an outwardly tapered surface T. 
This derives straight line 23a' longer than that of 
23a which is formed on the bottom of the groove 
23. Thus, all straight portions of the surface T of 
the groove taper widely. 

it is also possible that the groove 23 be formed 
with a projection for bit engagement having the 
same profile (five radially extended portions). How* 
ever, in this case, the projection is formed with a 
tapered configuration with the bottom thereof being 
wider. 

Same jointing equipment can be used without 
concern for threaded fastener sizes if the groove 
top and the projection bottom are formed to have 
same diameter. 

Fig. 10 shows a head having six extended 
portions in a groove according to the third embodi- 
ment of the present invention. The groove is 
formed in the same manner of the previously men- 
tioned embodiment, and it can be also be formed 
with a converted tapered configuration or alter- 
natively, tapered projection as aforementioned. 

When manufacturing the threaded fastener of 
th present invention, a punching machine of the 
same profile as a desired groove Is used for press- 
molding of the head. The head is broken by shear- 
ing force derived from the punching machine cor- 
responding to pressure applied. Thus, a bit engag- 



ing groove can be obtained substantially along the 
profile of the punching machine. According to the 
present invention, because comers of the radial 
portions of the groove are formed in rounded 

5 shape, stress concentration cannot be caused at 
those portions, therefore, fragility of the comers 
does not occur. 

Corresponding to rotation of the jointing equip- 
ment, torque from the jointing equipment is applied 

ro to an inner surface of the radial portions In the 
groove, and the threaded fastener is threaded into 
a threaded fastener hole. When torque is converted 
to rotating driving force, the force application point 
on the portion may fluctuate due to slight relaxing 

is of the engagement between the jointing equipment 
and the groove. However, according to the present 
invention, a straight line is formed adjacent the 
force application point thus fluctuation points are 
on the straight line of the surface of the portion. 

20 Therefore, driving angle o is kept substantially con- 
stant always and is kept to a relatively small value, 
i.e., a = 15 °. Accordingly, stable and high conver- 
sion efficiency of torque can be obtained. 

Additionally, if the engaging portion of the head 

25 is formed of a converted tapered groove or tapered 
projection, insertion of the jointing equipment can 
be accomplished more easily. 

While the present invention has been disclosed 
in terms of the preferred embodiment in order to 

30 facilitate better understanding of the invention, it 
should be appreciated that the invention can be 
embodied in various ways without depending from 
the principle of the invention. For example, a head 
having same diameter of that of a threaded shaft 

35 and helical projections (thread) on a circumference 
thereof can be available. Therefore, the invention 
should be understood to include all possible em- 
bodiments and modification to the shown embodi- 
ments which can be embodied without departing 

40 from the principle of the inventions as set forth in 
the appended claims. 

Claims 

45 

1. A threaded fastener comprising; 
a threaded shaft, 

a head having a tightening torque receptacle which 
has a center portion and a plurality of radial por- 
so tions extending radially outward from said center 
portion, 

said radiai portions being circumferentially distan- 
ced at an angular interval less than 90° , and each 
of radiai portion having a torque receiving surface 
55 extending in parallel with radius line thereof. 

2. A threaded fastener as set forth in claim 1, 
wherein said radial portion further comprising sub- 
stantially rounde radially outer end to prevent con- 
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centration of stress thereon. 

3. A threaded fastener as set forth in claim 1, 
wherein the number of said radial portions is five. 

4. A threaded fastener as set forth in claim 1, 
wherein the number of said radial portions is six. s 

5. A threaded fastener as set forth in claim 1, 
wherein said receptacle forms a groove in said 
head. 

6. A threaded fastener as set forth in claim 5, 
wherein said groove has a configuration tapering jo 
from top to bottom thereof. 

7. A threaded fastener as set forth in claim 1, 
wherein said receptacle forms a projection on said 
head. 

8. A threaded fastener as set forth in claim 7, is 
wherein said projection has a configuration tapering 
from bottom to top thereof. 

9. A threaded fastener as set forth in claim 1, 
wherein curvature of said rounded comers is deter- 
mined at least N/8 concurrently with less than G/2 20 
x (1-cos g)\ wherein N is a width of said radial 
portion, Q is a diameter of said receptacle, & is a 
central angle defined by radius lines through the 
center of said radial portion and through the center 

of a distance of said radial portions. . 25 
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PRIOR ART . 
Fig. 2 
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